efficiency at 38 o C as at 32 o C, however, at the higher temperature, they ingested more food. In contrast, when feeding on Themeda triandra, the nymphs absorbed carbohydrate with higher carbohydrate deficiency in experimental insects and showed that locusts placed in a thermal when protein-deficient. This capacity to use thermoregulatory behaviour to redress an imposed 3 0 nutritional imbalance improved with experience of feeding on T. triandra. As predicted, locusts leaves per stem were detached at the ligule and placed in a vial as previously described (Clissold Table 1) . During the experiment, water loss and metabolic changes to the grass 1 4 3 blades during the 24 h in which the grass blades were available to the locusts were quantified and Table 2 ) (Bowers et al., 1991) .
4 5
Total intake of protein and carbohydrate were calculated from daily food consumption carbohydrate was determined as the difference between the mass of nutrient ingested and that 1 4 8 remaining in the faeces ( Fig. 1) (Clissold et al., 2006; Clissold et al., 2009) . By using the of protein intake across both temperatures).
6 3
Protein and non-structural carbohydrates (available carbohydrate) were determined from 1 6 4 lyophilized samples of the grasses and faeces that had been finely ground prior to analysis.
6 5
Protein was extracted from replicate 10 mg samples with 0.1 M NaOH and determined using the chloroform. Previous regression analysis had found that, regardless of diet, the lipid-free dry 1 7 1 matter contains the same proportion of protein (0.81) (Clissold pers obs.) and thus protein was determined by multiplying the lipid free dry matter by this value. Figure 1 ). Protein-or carbohydrate-deprived locusts were provided with fresh blades of either
wheat or kangaroo grass and observed on a thermal gradient plate as described below. This experiment was repeated [trials 1 and 2, ca. 5-10 per treatment (with a total of eight treatments, 1 8 6 these being, 2 x rearing temperature, 2 x nutrient state and 2 x grass species) per trial, n = 122]. placed in a thermal gradient with a meal of kangaroo grass. This experiment was repeated (n = 1 9 9 94). plates. Each plate was 700mm long x 100mm wide and 10mm deep, and a thermal gradient was were measured using infra-red images (IR Camera S65, FLIR Systems) and measurements Petri dish lid. Locust behaviour was captured on digital video (JVC Everio) and then quantified visually. Locusts alternate between periods of movement and remaining relatively stationary completing the ingestion of a meal of the grass blades) and remained stationary for a minimum 7.6 days respectively) (F 1,76 = 450.9, P < 0.001). However, growth of 5 th instar L. migratoria
nymphs differed with temperature in a host plant-specific way, due to differences in the rate and = 36.96, P < 0.001; C: F 1,37 = 7.14, P = 0.011; ratio P:C: F 1,37 = 4.77, P = 0.035) ( Fig. 2A,B) .
Once absorbed from the gut, both protein and carbohydrate were converted to biomass with 0.001) (Fig. 3A insert) . Temperature had no effect on the efficiency with which nutrients were 2 6 4 either extracted from wheat or subsequently converted to biomass (Fig. 3B) which they were most efficient at gaining from that grass the nutrient for which they were specifically deficient ( Fig. 2A) . P-and C-deprived insects selected significantly different zone at which more protein than carbohydrate is extracted from kangaroo grass ( Fig. 2A) . In contrast, only 20% of carbohydrate-deprived locusts selected these higher temperatures.
However, fewer than 50% selected 32 o C (Fig. 4B) , at which they would have obtained more
carbohydrate than protein ( Fig. 2A ) and therefore redressed their nutritional imbalance. Following the three day period where locusts where able to experience the nutritional 2 8 5 outcomes when ingesting kangaroo grass at both temperatures, before being rendered P-or C- ingested kangaroo grass to 95 % after experience ( Table 2 ). The temperature regime (starting at 0.5) on temperature selection and this term was removed from the analysis. Although temperature-specific nutrient digestion has been recorded in other ectotherms is the first example of an ectotherm using temperature selection to redress specific nutrient For locusts feeding on both grasses, the differences in mass with temperature were 3 0 7 primarily a consequence of differences in the digestion and absorption of protein and 3 0 8 carbohydrate and secondarily a consequence of losses due to post-absorptive metabolism (Fig. 1-3  0  9 3). When feeding on synthetic diets regardless of temperature or the ratio of protein and occurred in a host plant specific way with temperature ( Fig. 2A, 3A) .
For locusts feeding on wheat, temperature did not alter the percentage of protein and 3 1 5 carbohydrate absorbed nor allocated to body mass (Fig. 3B) . Rather with increasing temperature 3 1 6 intake rate increased and as a consequence locusts absorbed ca. 30% more energy (protein + where we found temperature had a profound effect on nutrient utilization efficiency of synthetic While a difference in the total energy absorbed due to differences in intake rates of total 3 2 4 energy (protein plus carbohydrate) explains differences in body mass with temperature for locusts feeding on wheat, this was not the case for locusts feeding on kangaroo grass. Similar amounts of kangaroo grass were ingested by locusts at both temperatures, but protein was locusts balance requirements for growth (optimizing nutritional needs) and rates of development 3 8 7 given temperature and the available host plants. The discovery that an insect is able to select temperatures to meet the specific nutritional preferences for foods or temperatures. Recent evidence suggests that the probability of a leaf ingesta not absorbed (Intake -Excreta), W is the fraction of nutrients absorbed but not allocated 4 2 7 to growth, and G is the fraction of absorbed nutrients allocated to growth. 145-160. 2640. 
